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0 Heating system for rathole oil well. 



0 An electrical heating system for an oil well of ttw 
kind comprising a well bore extending through and 
below an oil producing formation to afford a rathote 
of substantial depth, the well Including an electrically 
conductive first casing section from the earth surface 
down through the overburden, an electrically con- 
ductive second casing section continuing down 
through the oil producing formation, and a third 
casing section In the rathole. Vne first and second 

a casing sections are usually steel pipe. An electrical 
power supply is connected to primary and secon- 
dary electrodes for conductive heating of a portion of 
the oil producing formation; the primary electrode is 
QQan uninsulated portion of the second casing section. 
^The third casing section constitutes an insulator for 
g^electrlcal isolation of the rathole. The first casing 
^section preferably has external insulation for most of 
^its length, and any conductive casing sections ex- 
tending down below the third casing section, indud- 
A;ing a ftoat shoe housing If present, preferably has 
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both external and internal electrical insulation. 
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HEATING SYSTEM FOR RATHOLE OIL WELL 



Background of the Invention 

A major difflcuity In extracting oil from deposits 
of heavy, visoous oils or from tar sand deposits 
results from the poor mobility of the oil in the 
requisite movement through the deposit and into an 
oil well. A number of different techniques and ap- 
paratus have been developed for reducing the vis- 
cosity of the oil by tncreasir^ its temperature. In 
many instances this is accomplished by electrical 
heating, including particuiarty conductive heating of 
a portion of the dl producing formation or "pay 
zone" adjacent to the well. 

In many oil wells it is necessary to perforate 
that part of a metal well casing ti^at is located in 
the oil producing fbrmation in onjer to admit oil into 
ttie casing. Customarily, the casing is made of 
steel pipe. Perforation Is usually acompllshed by 
lowering a perforating tool or "gun" into tiie well 
casing to the level of the oil producing formation. 
At tiiat level, tiie gun fires explosive charges radi- 
ally outwardly tiirough the casing to form the nec- 
essary perforations. Inevitably, tiiis produces a cer- 
tain amount of debris in and around the well cas- 
ing, some of tt^e debris constituting sand and other 
solid particles in the oil deposit tiiat will ultimately 
find tiieir way into the well. It may also be neces* 
sary to employ one or more of various explosive 
and pressure techniques that fracture the structure 
of the dl producing fbrmation itself in order to 
affonj convenient and effective passages for the 
flow of dl from the de()osit to the well. Again, these 
various fbrmation fracturing techniques produce ap- 
predable amounts of sand and otiier debris which 
tends to flow to and ^cumulate in the oil well. 

In any of these welts, it may be highly desir- 
able or even essential to provide a rattiole. A 
rattiole is a void or space, usually a cased portion 
of the tx)rehole, tiiat extends generally coaxially of 
the well bore, to an appreciable distance below the 
oil producing fomriation.The rattnole affords a deep 
sump for collecting sand and otiier solid debris 
from the perforation and fracturing processes and 
from otiier sources, so that this debris cannot accu- 
mulate in the well bore immediately adjacent to the 
pay zone and hence cannot interfere with effident 
md effective operation of the well. In many wells 
ttte rattioie may serve anotiier function, penmitting 
logging instruments or other tools to be positioned 
in the well below the oil producing formation. 

In most electrical well heating systems the 
steel or other metal casing of the well forms a part 
of the electrical heating apparatus. If ordinary steel 
casing were employed in the rathole. as a direct 



extension of the main well casing, it would be 
electrically connected or coupled into the heating 
system and would heat a barren portion of the 
undertMjrden formations around the well bore below 

5 the pay zone.The same situation applies to the 
metal housing for a float shoe, as usually used in 
oil wells having cement in tfie space between tiie 
casing and ttie surrounding fomriations. Thus, any 
metal casing tfiat continues downwardly into the 

10 rathole and any conductive float shoe housing may 
represent a substantial source of Inefficiency, due 
to wasted heating of the barren formations sur- 
rounding the rattiole. 

Summary of the Invention 

It is a prindpal object of the present invention, 
therefore, to provide a new and improved electrical 

20 heating system for a rathole-type oil well tiiat per- 
mits the use of ordinary steel pipe or other conduc- 
tive casing throughout most of the well, Including 
the rattiole. while avoiding wasteful heating of fbr- 
mations in the underburden below flie oil produdng 

25 formation. 

It is a further object of tiie invention to provide 
a new and improved electrical heating system for 
oil wells produdng viscous oils from heavy dl 
deposits and tar sand deposits that allows for ttie 

30 use of a rathole in the dl well witiiout material 
reduction In the efficiency of the electrical heating 
system and tiiat is applicable to botti monopole 
and dipole electrical heating arrangements. 

Accordingly, the invention relates to a heating 

35 system for an oil well of the kind comprising a well 
bore extending downwardly from the surface of the 
earth through one or more overburden formations 
and through an oil producing formation, and furttier 
into an underburden fbrmation below the produdng 

40 formation to afford a rattiole of substantial depth, 
an electrically conductive first casing section ex- 
tending from the surface of the earth down into the 
well bore to a depth adjacent the top of ttie dl 
produdng formation, an electrically conductive sec- 

45 end casing section extending downwardly from the 
first casing section through the oil producing forma- 
tion, and a third casing section extending downwar- 
dly from the second casing section into the rathole. 
The electrical heating system, used fbr heating a 

so portion of the oil produdng formation, comprises at 
least one portion of the second casing section 
having an uninsulated surface to afford a primary 
heating electrode within ttie oil produdng forma- 
tion, a secondary electrode positioned wittiin one of 
the overburden and oil produdng fomnations. and 
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an electrical power supply connected to the pri- 
mary and secondary electrodes to energfze those 
electrodes for conduction healing of a portion of 
the oil producing fonnation adjacent the well. The 
third casing section constit u tes an electrical insula- 
tor casing, electrically isolating the rathole from the 
first and second casing sections, and the thinj 
casing section has a length at least equal to three 
times tiie diameter of the welt bore. 



Brief Description of the Drawings 

Fig. 1 Is a simplified schematic sectional 
elevation view of a rathole-type oil well equipped 
with a monopole electrical heating system compris- 
ing one embodiment of the invention; 

Rg. 2 Is a simplified schematic sectional 
elevation view of a different monopole heating sys- 
tem according to a further emt}odiment of the in- 
vention; 

Bg. 2A is a detail view of a nuxjification of 
the system of Rg. 2 to afibrd a single^ell dtpole 
heating system; and 

Rg. 3 is a sfmpllfied schematic sectional 
elevation view of two rathole-type oil wells that 
share an electrical heating system comprising an- 
other emt)Odlment of the invention. 



Description of the Prefenred Emtxxliments 

Rg. 1 Is a simplified schematic sectional eleva- 
tion view of an oil well 10 equipped witii a mon- 
opole electrical heating system comprising one 
emisodlment of tfie present invention. Oil weii 10 
comprises a well bore 11 that extends downwardly 
' from tiie surtoe of ttte eartii 12 tiirough one or 
more overburden formations 13 and through an oil 
producing formation or pay zone 14. Well bore 11 
continues downwardly fcwlow the producing forma- 
tion 14 into an underi3urden formation 15. affording 
a rathole 16 of substantial deptti. 

An electrically conductive first casing section 
21, usually constructed of steel pipe having a di- 
ameter of about 5.5 Inches, extends down Into well 
bore 11. This first casing section 21 is continuous 
for a length LI that ends approximately at tite top 
of pay zone 14. The casing in oil well 10 continues 
downwardly from section 21 as an electrically con- 
ductive second casing section 22. This second 
conductive casing section 22 has a length L2 such 
that it extends approximately to the bottom of tiie 
oil producing formation 14. Casing section 22 may 
be a direct continuation of casing section 21 and. 
like tine first casing section, may be formed of 
conventional steel pipe. 

As in most oil wells of the rattiole type, tiie 



casing in well 10 extends down into rathole 16 for a 
subtantlal depth below pay zone 14. immediately 
below the second conductive casing section 22 
there is a third casing section 23 tiiat projects into 

5 rattiole 16. Casing section 23 is formed of an 
insulator material, preferably an appropriate pipe of 
resin-impregnated fit>erglass, having appropriate 
physical properties as well as constituting a high 
dielectric insulator. The length of the third casing 

10 section 23 is de»gnated as L3 in Rg. 1. Below the 
third casing section 23 there Is a fburtfn casing 
section 24. Section 24 is preferably formed of 
conventional steel pipe, its length is indicated as 
L4. It should be recognized that Rg. 1 is essentially 

15 schematic in nature and that tite dimensions, par- 
ticularly lengths Li tinrough 4.4, are not accurately 
portrayed in ttie drawing. 

Oil well 10 includes ottier conventional features 
and apparatus. Thus, a float shoe or float collar 25. 

20 used In cementing tiie space around casing 21-24. 
is mounted on or near the lower end of tiie fourth 
casing section 24. Well 10 may include production 
tubing 26 extending coaxlally into the well casing; 
tubing 26 may project down to ttie bottom of tiie oil 

25 producing fonmation 14 or even somewhat below 
that level. Production tubing 26 is usually steel 
tubing: it may include a section 27 formed of resin- 
impregnated fiberglass or otiier electrical Insulator 
material. In the second casing section 22. extend- 
so Ing through pay zone 14. a plurality of apertures 28 
ara shown; tiiese apertures admit oil from produc- 
ing fonmation 14 into the interior of the well casing. 

Oil well 10, as shown in Rg. 1. includes ce- 
ment 34 around ttie exterior of well bore 11, be- 

35 tween tiie various earttn formations and tiie well 
casing 21-24. Cement 34 is introduced into the well 
through float shoe 25. As shown, float shoe 25 
irK:ludes a transverse banrier 35 wftti a central ap- 
erture 36. Aperture 36 Is normally closed by a 

40 stopper 37 which may be provided witti a biasing 
spring 38. The metal housing 39 of tiie float shoe 
Includes a bottom aperture 40. Cement 34 is 
forced, under pressure, outwardly through aperture 
36 and through ttie check valve afforded by ttiat 

45 aperture and stopper 37 and its spring 38. The 
cement passes out ttirough opening 40 In housing 
39 and into the space between the various casing 
sections and tiie wall of well bore 11. The check 
valve action of fk>at shoe 25 precludes a return flow 

50 of cement. 

A part of tiie electrical heating system for well 
10 is a secondary electrode 41 tiiat is driven Into 
tiie uppermost overburden formation 13 at a rela- 
tively short distance from well 10. An electrical 

55 power supply 42 is connected to tiie first conduc- 
tive casing section 21 and is also connected to the 
secondary electrode 41. To provide electrical isola- 
tion for tiie first conductive casing section 21, 
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which is usually much longer than any of the other 
casing sections, an external surface insulator 43 is 
provided throughout the length L1 of casing section 
21. The second casing section 22, in pay zone 14, 
however, has no external insulation; its conductive 5 
surface is bared to ttie pay zone. Accordingly, this 
conductive casing section 22 serves as a prInDary 
electrode for heating a portion of the oil producing 
formation 14 adjacent to well 10. That is. electrical 
current supplied by source 42 flows down through io 
the first casing section 21 to the second casing 
section 22, the primary electrode of the monopole 
heating system. From electrode 22 tiie cun^nt 
flows outwardly into the oil producing formation 14 
and then along widely dispersed paths back to rs 
secondary electrode 41 and thence is returned to 
source 42. The heating currents are generally in- 
dicated by lines I. 

The key to effective operation of tiie electrical 
heating system of well 10 Is avoidance of wasteful 20 
heating of formations above or below ttie oil pro- 
ducing fomnation 14. In tiie upper portion of tiie 
well, these undesired heating losses are effectively 
precluded by the presence of insulator 43 on con- 
ductive casing section 21, precluding any signifi- 25 
cant cun-ent flow from tfiis casing section back to 
the secondary electrode 41 . Below the oil produc- 
ing formation, the electrical isolation is afforded by 
the third casing section 23. which constitutes an 
electrical insulator. To be effective, tills insulator 30 
casing section 23 should have a length L3 of at 
least three times tine diameter of the casing and 
preferably at least ttiree times tiie diameter of well 
bore 11. 

A fully effective technique for precluding un- as 
desired heating in and around ratiiole 16 would be 
simply to extend tiie insulator, third casing section 
23, down to tiie bottom of rathole 16. This arrange- 
ment, however. wouM be unduly costiy and ec- 
onomically Impractical. The overall height of rathole 40 
16, approximately tiie sum of lengths L3 and L4, is 
subject to substantial variation. For effective use of 
the ratiiole. however, this is usually in excess of 
twenty feet and may be one hundred feet or more. 
In comparison with steel pipe, tills lengtii of fiber- 45 
glass or other effective electrical insulator pipe Is 
excessively expensive and may not afford the de- 
sired strengtti, impact resistance, and ottier phys- 
ical qualities. 

On tiie other hand, even with the length L3 for so 
insulator casing section 23 as specified above, 
there is a tendency for some of tiie electrical 
energy from source 42 to be dissipated as heating 
currents ftowtng from tiie primary electrode, casing 
section 22, downwardly through the earth fomna- 55 
tions to the steel or other metal casing section 24 
at ttie bottom of tiie ratiiole and tiien back up to 
tiie secondary electrode. To avoid such a parasitic 



heating effect, electrical insulation 44 should be 
provided on the external surface of casing section 
24 and similar electrical insulation 45 is preferably 
provided on the inside of tiiat casing section. For 
the same reason, external insulation 46 should be 
provided on the metal housing 39 for ftoat shoe 25 
and it is preferred that electrical Insulation 47 be 
afforded on tite inside of float shoe housing 39. to 
the extent possible. 

Rg. 2 illustrates a ratiiole-type oil well 110 tfiat 
incorporates an electrical heating system in accor- 
dance witii another embodiment of the present 
invention. Much of well 110 is the same as well 10 
(Rg. 1); corresponding reference numerals are em- 
ployed where applicable. 

Thus, oil well 110 utilizes a well bore 11 that 
extends downwardly from the earth surface 12 
through overburden fonmations 13 and through an 
oil producing deposit 14. and at its k)wer extremity 
affords a ratiiole 16 within the undertxjrden forma- 
tions 15. Witiiin well bore 11 there is a first elec- 
tilcally conductive casing section 21 that extends 
from surface 12 down into tiie well bora, to a depth 
adjacent the top of oil producing fbnmafion 14. 
Unlike ttie previously described well, there is a 
bottom portion 141 of conductive casing 21 tiiat is 
not covered by insulation 43. This portion 141 of 
conductive casing section 21 serves as a secon- 
dary electrode in tiie heating system for well 110; it 
is separated from the second electically conduc- 
tive casing section 22 in well 110 by an insulator 
casing portion 129. 

In well 110. tiie second conductive well casing 
section 22 is again provided witti perforations 28 
for admitting oil into the casing. As befbna. casing 
section 22 has an exposed external conductive 
surface and serves as the primary eiectiiode of the 
heating system. The constiuction used in well 110 
below casing section 22 is the same as for well 10, 
comprising tiie insulator casing section 23. tiie 
conductive metal (steel) casing section 24, and the 
fk)at shoe 25. As before, the fourth casing section 
24 is preferably insulated Inside and out and this Is 
also true of the conductive housing for float shoe 
25. 

In well 110, Rg. 2, one tenminal of the eiectiical 
heating source 42 is connected to the first conduc- 
tive casing section 21, Just as in the previously 
described embodiment In this instance, however, 
the otiier terminal of eiectiical supply 42 is con- 
. nected to the production tubing 26 for the well. 
Near its bottom end, production tubing 26 is elec- 
trically connected to second casing section 22 by 
an electrical connector 133. In this embodiment of 
the invention, of course, no insulator section is 
shown in production tubing 26 because that tubing 
should be conductive tiinoughout its lengtii In order 
to afford an effective eiectiical connection to tiie 
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primary electrode, casing section 22. 

The electrical heating currents developed by 
the heating system of Rg. 2 are generally indicated 
by lines I. These dispersed heating currents flow 
between the primary and secondary electrodes 22 
and 141. As in the embodiment of Fig. 1. the 
conductive elements employed in rathole 16 are 
effectively isolated from the electrical heating sys- 
tem so that parasitic and other similar heating 
losses do not occur. 

Rg. 2A illustrates a well construction 11 OA that 
constitutes a limited modification of the system 
shown in Rg. 2. a modification that changes the 
operational characteristics from a monopole to a 
dipole heating system. Thus, the construction em* 
ployed in well 11 OA, Rg. 2A, is ttie same as In Rg. 
2 except that an insulator casing section 229. be- 
tween the first casing section 21 and ttie second 
casing section 22, is now located approximately In 
the middle of tine oil producing formation 14. As a 
consequence, the second casing section 22, which 
may be termed the primary heating electrode, is 
located adjacent tiie bottom of the pay zone. A 
bare portion of conductive casing section 21 is 
positioned witinin tiie top of the pay zone 14. In tiiis 
arrangenwnt, the lower bare portion 241 of conduc- 
tive casing section 21 serves as the secondary 
electrode for tfie heating system. ("Primary" and 
"secondary" have little significance as applied to 
these electrodes.) Electrode 241 has a series of 
perforations or apertures 228; casing section 22, of 
course, still includes ttie oil admission apertures 
28. As in the embodiment of Rg. 2. the lower end 
of the conductive production tubing 26 is elec- 
trically connected to the heating electrode, casing 
section 22. by a connector 133. The construction of 
the system In ratiiole 16 rsmains unchanged. 

The operation of tine heating system for well 
11 OA. Rg. 2A. Is essentially similar to well 110, Rg. 
2. The electrical cuaents flow between electrodes 
22 and 241 as indicated generally by lines 1. Heat- 
ing is confined to ttie oil producing fomoation 14. 
even more than in previously described embodi- 
ments. On tiie other hand, heat losses in the 
ratiiole portion 16 of well 110A, as in the otiier 
welts, are negiigibte. 

Rg. 3 iltusti^es two wells 210 and 310 incor- 
porated in a heating system which serves both 
wells from a single electrical power supply 342. As 
before, well 210 includes a bore 11 extending 
downwardly from the earth surface 12 through 
overburden 13. oil producing formation 14. and into 
a ratiiole 16 in the underburden 15. Well 210 
includes a first electrically conductive casing sec- 
tion 21 having an external insulator coating 43. The 
insulator coating ends adjacent the top of the oil 
produdng formation 14, which is taken as tine lower 
limit of casing section 21. Continuing downwardly. 



the well includes a second conductive casing sec- 
tion 22 provided with appropriate perforations 28. 
Casing section 22 has a bare conductive outer 
surfece and serves as a heating electrode. Below 

5 pay zone 14. in ralhole 16, tine construction re- 
mains essentially as previously described. There is 
an insulator casing section 23, preferably formed of 
resin impregnated fibeiiglass, followed by an elec- 
trically conductive fourth casing section 24 with 

10 external aid internal insulator coatings 44 and 45. 
in tills instance, no float shoe has been shown. 
However, a float shoe could be present if a float 
shoe is utilized, and has a conductive housing, ttien 
that housing should be insulated tntemally and 

fs externally as previously described. 

The adjacent well 310 in Rg. 3 has the same 
construction as well 210. including the well bore 
11, casing sections 21, 22. 23. and 24. and tiie 
insulator coatings 44 and 45 on the fourth casing 

20 section 24 in ratiiole 16. As in well 210. the first 
conductive casing section 21 of well 310 is pro- 
vided with an external insulator coating 43. 

In the system of Rg. 3, the electrical supply 
342 is connected to the first or upper casing sec- 

25 tion 21 In each of the wells 210 and 310. This 
effectively energizes the two electrode casing sec- 
tions 22. generating a flow of heating currents I 
through tiie dl producing deposit 14 between the 
electrodes 22 of tiie two wells. There Is no appro- 

30 ciable flow of cunrent downwardly below either of 
tiie two electrods 22, so tiiat no power is wasted in 
heating formations adjacent ttie rathole 16. By ttie 
same token, ttiere is no appreciable external flow of 
electrical current between or around the upper por- 

35 tions of eitiier of tiie wells 210 and 31 0. 

in all of tiie heating systems of Rgs. 1-3. a 
bare, uninsulated conductWe surfoce on all or part 
of ttie second casing section 22 affords a primary 
heating electrode positioned within ttie oil produc- 

40 ing formation 14. The secondary (or second pri- 
mary) electrode is more variable. In one monopole 
system, well 10 of Rg. 1. the secondary electi'ode 
is an Independent "ground" electrode driven into 
ttie overiburden 13 near the well. In another mon- 

45 opole arrangement well 110 of Rg. 2. the secon- 
dary electrode 141 is an uninsulated portion of the 
first casing section 21; similar "secondary" elec- 
trode 241 appears in ttie dipole heating system of 
Rg. 2A. in the two-weil dipole anrangement of Rg. 

50 3. with the two wells either of the two second 
casing sections 22 may be called the secondary 
electi'ode. the other being the primary. 

In all figures the insulator casing section 23 
could extend to ttie bottom of ttie ratiiole 16. but 

55 this is generally impractical. To preclude energy 
waste through unwanted heating of the rathole, the 
third casing section, insulator 23. should have a 
lengtii L3 of at least three times the casing diam- 



BEST AVAILABLE CnPV 



9 



EP0 294 809 A2 



10 



eter, and preferably larger than this minimum. Any 
conductive casing section 24 In the rathole should 
be Insulated on the outside and preferably also on 
the Inside to preclude parasitic heat losses; this is 
also true for the conductive metal housing of any 
float shoe 25. 

There really is no "typical" oil well, but exem- 
plary data can be provided. Thus, the length L1 of 
the first casing section 21 may range from several 
hundred feet to several thousand feet The length 
12 of tiie primary electrode, casing section 22, 
varies substantially; a length 



Claims 

1. In an oil well of the fdnd comprteing: 

a well bore extending downwardly from the 
surface of the earth ttirough one or more overbur- 
den fbnnations and through an oil producing forma- 
tion, and further into an underburden fonmation 
below tiie producing fonmation to afford a rattiole of 
substantial deptii; 

an electrically conductive first casing section 
extending from tiie surface of the earth down into 
ttie well bore to a depth adjacent tiie top of the oil 
producing fonmation; 

an electrically conductive second casing 
section extending downwardly from ti^ first casing 
section through the oil producing formation; 

and a tiiird casing section extending downwar- 
dly from the second casing section Into the rathole; 

an electrical heating system for heating a 
portion of the oil producing formation, comprising: 

at least one portion of the second ca^ng 
section having an uninsulated surface to afford a 
priniary heating electrode within the dt\ producing 
formation; 

a secondary electrode positioned wittiin one of 
the overburden and oil producing formations; 

and an electrical power supply connected to 
the primary and secondary electrodes to energize 
tiiose electrodes for conduction heating of a portion 
of ttie oil producing formation adjacent the well; 

In which the third casing section constitutes an 
electrical insulator casing, electrically isolating the 
rathole from the first and second casing sections. 

2. An electrical heating system for an oil well of 
the rattiole'type. acconjing to Claim 1. in which tiie 
third casing section extends down to near the bot- 
tom of the rathole. 

3. An electrical treating system for an oil well of 
thB rathole type, according to Claim 1, in which the 
ttiird casing section is formed of electrical insulator 
material and has a lengtii at least equal to three 
times the diameter of tiie well bore. 



4. An electrical heating system for an oil well of 
the rati^ole type, according to Claim 1, and furttver 
comprising: 

a metal fourth casing section extending 
5 downwardly from the third casing section to near 
the bottom of the rattiole: 

and an electrical insulator covering on the 
external surface of tfie fourth casing section to 
maintain electrial Isolation of the rathole. 
fo 5. An electrical heating system for an oil well of 
the rathole type, according to Claim 4 and further 
comprising: 

an electrical insulator covering on the internal 

surface of the fourth casing section. 
75 6. An electrical heating system for ai oil well of 

tiie ratiiole type, according to Claim 4. in which ttte 

tiiird casing section is formed of electrical insulator 

material and has a lengttt at least equal to tiiree 

times the diameter of the well bore. 
20 7, An electrical heating system for an oil well of 

tiie rattiole type, according to Claim 4 and further 

comprising: 

a float shoe, having a metal housing, affixed to 
the bottom of the fburth casing section: 
25 and an electrical insulator covering on the 

external surface of the float shoe housing to main- 
tain electrical isolation of the rathole. 

8. An electrical heating system for an oil well of 
the rattiole type, according to Claim 7 and furttier 

30 comprising: 

an electrical insulator covering on the internal 
surfaces of ttie fburfli casing section and tiie float 
shoe housing. 

9. An electrical heating system for an oil well of 
35 ttie rattiole type, according to Claim 1 and fUrttier 

oomprising: 

an electrical insulator covering on the external 
surface of ttie first casing section. 

10. An etectrical heating system for an oil well 
40 of the rattiole type, according to Claim 9. In which: 

the secondary electrode comprises an elec- 
trically conductive member Inserted into the over- 
tuirden at a position displaced from the well bore. 

11. An electrical heating system for an oil well 
45 of ttie rattiole type, according to Claim 10, and 

further comprising: 

a metal fourth casing section extending 
downwardly from ttie third casing section to near 
the lx)ttdm of the rathole; 
50 and an electrical insulator covering on the 

external surface of tiie fourth casing section to 
maintain electrial isolation of tiie rathole. 

12. An electrical heating system for an oil well 
of ttie rattiole type, according to Claim 11 and 

55 forttier comprising: 

an electrical insulator covering on the internal 
surtece of ttie fdurtti casing section. 
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13. An electrical heating system for an oil well 
of ttie radioie type, according to Claim 11. in which 
the third casing section is formed of electrical 
insulator material and has a length at least equal to 
three times the diameter of the well bore. 

14. An electrical heating system for an oil well 
of the rathole type, aoconjing to Claim 11 and 
further comprising: 

a float shoe, having a metal housing, affixed to 
the bottom of the fourth casing section; 

and an electrical insulator covering on the 
extemaJ surface of the float shoe housing to main- 
tain electrical isolation of the rathoie. 

15. An electrical heating system for an oil weO 
of the rathole type, according to Claim 14 and 
further comprising: 

an electrical Insulator covering on the internal 
surfaces of the fourth casing section and the float 
shoe housing. 

16. An electrical heating system for an oil well 
of the rathole type, according to Claim 1. and 
further comprising: 

an electrical insulator covering on most of the 
external surface of the first casing section, from the 
earth surface down to a point near the top of the oil 
producing fbrmation; 

an intenmediate electrical insulator casing 
section interposed between the first and second 
casing sections to Isolate those sections electri- 
cally; 

the lowermost portion of the first casing 
section having an uninsulated surface and con- 
stituting ti^e secondary electrode. 

17. An electrical heating system for an oil well 
of the rathole type, according to Claim 16 and 
further comprising: 

an electrically conductive production tubing 
extending downwardly tiirough the well bore, within 
the casing but electrically Insulated from the first 
casing section; 

and an electrical connector connecting the 
tubing to ti^e second casing section. 

18. An electrical heating system for an oil well 
of the rathole type, according to Claim 17, and 
further comprising: 

a metal fourth casing section extending 
downwardly from the third casing section to near 
the bottom of the rathole; 

and an electrical insulator covering on tiie 
external surface of the fourth casing section to 
maintain electrical isolation of the rattiole. 

19. An electrical heating system for an oil well 
of the ratiiole type, according to Qaim 18 and 
furttier comprising: 

an electrical insulator covering on the internal 
surface of the fourth casing secti'on. 



20. An electrical heating system for an oil well 
of ttie rathole type, according to Claim 18. in which 
the third casing section Is formed of electrical 
insulator material and has a length at least equal to 

5 three times the diameter of ttte well bore. 

21. An electrical heating system for an oil well 
of the rathoie type, according to Claim 18 and 
further comprising: 

a float shoe, having a metal housing, affixed to 
10 tile bottom of the fourth casing section; 

and an electrical insulator covering on the 
external surface of tiie float shoe housing to main- 
tain electrical isolation of the rattiole. 

22. An electrical heating system for an oil well 
IS of the rattiole type, according to Claim 21 aid 

furttier comprising: 

an electrical insulator covering on the internal 
surfaces of the fourth casing section and the float 
shoe housing. 

20 23. An electrical heating system for an oil mil 
of tiie rathole type, acconjing to Claim 1 In which 
the heating system heats the oil producing fomna- 
tion between two oil wells, and in which the primary 
and secondary electrodes each comprise the sec- 

25 ond casing section in one of the wells. 
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